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HACA ACT.  Ho. 5D38 

HATIOHAI. ADVISORY COMMITTEE FOH AERONAUTICS 

ADVANCE CONFIDENTIAL ÜEPORT 

AH ADDITIONAL INVESTIGATION 0? THE HIGH-SPEED 

LATERAL-CONTROL CHARACTERISTICS OF SPOILERS 

- 3y Edfiuad V, Xr.itone and James I. • Summers * 

SUMMARY 

The chr.rpct or is 
0,75 of the chord on 
l»>rly at- high speeds 
•pollen j^roject ions 
speed until tho crit 
indicate that a si oi 
-an aileron provides 
dully at high speed 
wing surface produce 
However, spoilers pr 
facer., ,vhlei< were in 
lees e.lrplancs, prod 
hinge, momentB of"the 

tics of partial—span spoilers located at 
• an NACA 66—series-tapered wing, larticu— 
,• were investigated.  The effect of  saall 
was found to increase vith an increase 'n 
icai Mach nu'.iber vus exceeded,  Tho c'atn 
lor having a 6n.all projection in f.-nnt of 
a considerable lacrosse in control, cs;ii:— 
s.  A. spoiler projecting from the u",>er 
d no adverse effects on the aileron, 
ojneting from bosh upper and lower sur— 
voatig.'.ted as n  possible control for tail— 
ucod serious buffeting and reversal of the 
aileron. 

\ 

INTRODUCTION 

I 

A spoiler in 
the rolling uo— 
high speeds, 
d ft large in— 
In referenco 1 
used in frost 
or additional 
ins spoilers 
taillese air- 

Previous tests (reference 1) shoved that 
front of a conventional aileron will increase 
vent as well eg decrease the stick force.  At 
even n small projection of the spoiler produce 
crease in the lateral—control effectiveness, 
it was also suggested that .?. spoiler could bo 
of the olevptor of a conventional tell plane f 
control nt high speeds.  The possibility of up 
for the directional cr longitudinal control of 
planes was also uotod. 

The present investigation »HB made to provide further in- 
fo r:BP ti en on tho effect of n spoiler, especirlly -"t high 
speeds,  Siiuiller and larger spoilers were tested over an ex- 
tended speed mage.  In addition, spoilers projecting simul- 
taneously on the upper and lowor surfaces wore investigated. 
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APPARATUS AND MITHOD 

r 

Th? ..:cdol tested was n somlspnn low-drn£ (NACA 66— 
eorles) t;\perod wing (fig. 1(a)).  It was mounted in the 
16—foot wind tunnel of the Ames Anronnutic«l Laboratory, na 
shown in figure 2.  This nodal was one used for tho t?sts 
reported in reference 1 except that tho aileron nose balance 
was 0.45 of the aileron chord (fig. 1(b)) and most of th-3 
spoiler d.-.tn were obtained with the ailoron unsealed. 

The spoilers extended along the C 75—chord line of the 
wing surfaces and projected normal to the surfaces directly 
In front of the aileron (fig. 1(a)),  The span was the sane 
as that of the aileron, 0.41 of the wing seal span, and the 
inboard ends of both the spoiler and aileron were at 0.5 of 
the wing scmiepan.  The spoiler projections ranged from 0.005 
to 0.08 Of the local wing chord (c).  All the spoilers had 
smooth pU'ne surfaces except the 0.04c slotted spoiler which 
had l/4-inch-vide glota spaced 1/3 inch center to center 
(fig, 1(b)). 

re made with the wing surfaces saooth 
aled.  Since the gap at the leading 
ce was large relative to the cover 
e unsealed aileron should have the 
n unbalanced aileron.  In order to 
complete aileron seal, however, 

e with the 0.02c spoiler wherein the 
aileron balance were sealed with 
ffect of roughness  on the action of 
eetignted by applying a 3/3-inch- 
orundum part icles !\t   tho 0.10-wing— 
re span of the upper p.nd lower sur- 

The spoiler test s we 
and with the aileron unse 
edge of the aileron balan 
plate ;;»£ (fig. 1(b)) , th 
character lstics of « plai 
de termini the effect of a 
addition- 1 tosts wore mad 
nose and both ends of the 
thin shoe t rubber.  T he e 
the 0.02c speller was inv 
wide stri p of No. 60 carb 
chord lin c  n-long the ent i 
faces. 

\ 

Tho relative amount of aileron buffeting was determined 
In each cc.ee  by observing tho hinge—moment indicator.  As a 
check on this observation, several tests were made restrain- 
ing tho .-.i lor or» by hind only. 

Tho tests were mado through a Mach number range of 0.188 
to 0.75 v/ith a corresponding Reynolds number range of 5,000,000 
to 13,300,000 based on the mean aerodynamic chord of 3.84 feet. 
She relation between the Reynolds number and the Mnch number 
for these tests is shown In figure 3. 
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The symbols used in the presentation of the results 
dofinod us follows: 

Mao;: number based on tunnel—empty calibration 

dynamic prossura of the air stream based on the tunnel- 

3..-.pty calibration  f|pTs J 

rolling-moment coefficient  (I'/qbS) 

yawing-moinent coefficient  (H'/qbS) 

pitching—nomont coefficient ( ' j 
VlS(KfA.C.)>/ 

drag coefficient  (3/qS) 

lift coefficient  (L/qS) 

aileron hinge-racmont coefficient  (H/qbaca
a) 

wiag chord, feot 

aileron' chord measured along airfoil chord line from 
hinge axis of aileron to trailing edga, foot 

roo t-iuuau-squ.-ire chord of the aileron, foot 

twice span of the eciuispan model, foot 

niljrrn span, foe.t 

twice area of semi span model, square feot 

uncorrcctcd rolling moment, due to aileron and/or 
spoiler, about wind .axis in pl.-.ne. of symmetry (.it 
the wind—tunnel wall), foot-pounds 

uncorructod yawing moment., duo -to nilcron and/or 
spoiler, r.bout wind axis in plane of eyatietry (r.t 
the wind-tunnel wall), foot—pounds 

twice unccrrccted pitching moment (about ^e of M.A.C.) 
of scmispan uodel and strut, foot—pounds 
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BBt 

I 
curve slope WBS Increased by the spoiler.  Figures 17 "».ad 1° 
show how much the spoiler increased the rolling moment ard 
at the same time decreased the aileron hinge moment. 

Figure 19 shows the effect on the ailer 
of C.Olc spoilers projected on the; uppur and 
simultaneously, The reversal in the aileron 
became excessive for larger spoiler projecti 
use of both upper—surface and lower—surface 
front of the ailerons produced buffeting whi 
as the Mcch number increased above- 0.5» . HOY? 
spoiler on the uppor surface clone produced 
of the aileron tlitin vas present with no spol 
ly, in front of a hinged flap a ep.cilor pro,1 
one surface ct a time should be used. Spoil 
faces may provide control fur a tailless iir 
it does not seen possible to sufficiently is 
effect, Fov example, figures 6 and 8 show t 
in lift would be nccoupaniad by •* negative p 
while ct positive pitching moment would be ac 
decrease in lift, thereby making a pull-out 
difficult. 

on hinge moment 
loVer surfaces 
hinge co-.out 

Cns, ' Also, the 
spoilers in 
ch became violent 
over, the 0.02« 
no more shaking 
ler.  Ccnsoqueiit- 
cctlnp from only 
trs on both sur— 
plane.  Hovover, 
olate the deslr-ed 
hat an increase 
itching moment 
companied by a 
froa a dive very 

Figures 4, 6, and 8. show that the slots in ti.e 0.04c 
spoiler decreased its effect on the rolling noinjnt, pitching 
moment, and lift so that it became approximately ,-quivuUnt 
to a 0,02c unslottcd spoiler.  Figure 19 shows thr-.t the nlote 
reduced tho effect of tho 0,04c spoiler in decreasing the 
aileron hinge moment to that of a O.OOFc unslotted 3poiler, 
Also, tho slots produced a slight buffeting of the aileron. 

Figures 20 and 31 show that the complete aileron seal 
had only a slight effect on the change in rolling moment 
produced by the 0,03c spoiler.  The effect of the seal on 
tho hinge iaon»ent, however, seems to be beneficial rt tho 
higher spe?ds. 

Figures 22 'and 23 show that, in general, the roughness 
r.t 0.10c decrease« tho effect of the ü. 02c epoil.ir as would 
be expected.  However, the change is surprisingly small in 
view of tiie rearward location (0,75c) of the spoiler. 

The data show fiat for a Mach number range of 0.3 to 
0,7, wherein the F.eynolds number varied from 7,700,000 to 
13,300,000, the 0.05 spoiler was at least helf a. effective 
as a 0.01c spoiler.  Figure 19(b). shows that the hinpc moment 
of tho aileron varied uniformly with aileron deflection 
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whon the spoiler projaction was 0.05C.  The effoctivene 
o." th/i small spoiler projections In those touts may bo 
attributed to the large Reynolds numbers and low r.irstr 
turbulence.  Previous tests (reference 2) of convention 
wing auctions at a Mach number of 0.05 and n Reynolds n 
of only 2,000,000 v.'ith r.  relatively high air—stroam tur 
lonco indicated that spoiler projections of 0.01c or 1J 
have no effect on the rolling moment.  figure« 24 shows 
the rolling moment due tc the 0.005c spoiler decreased 
the Reynolds nusbor became less than 7,700,000.  Figure 
and 15 show that at a Reynolds number of 5,000,000 th« 
spoiler produced very little rolling accent, but the' yn 
moment it produced was still approximately half that fo 
0.10c spoiler.  Under flight" conditions whero the air-s 
turbulence is low, at least for wing tips and tall surf 
out of the slipstream, the effects of the small spoiler 
Joctio'i should be similar to those presented in this re 
if the surfaces are fairly sr.ooth. 

can 
al 
umber 
bu- 
ss 
thfit 
whon 
s 14 
0.05 c 
'•'Infi 
r a 
trcam 
ace o 
pro- 
port 

It should be noted that the Reynolds number and Mach 
number were varied simultaneously, and, therefore,.the ef— 
foots of independently varying the Reynolds number or the 
Mach number cannot be precisely determined from these data. 

RECOMMENDATIONS 

Spoilers alone can provide snfficient•lateral control 
•o that they could replace conventional ailerons.  However, 
a timo—motion study would have to bo made in order to deter- 
mine the suitability of this type of spoiler for lateral 
control. 

Spoilers projecting from both uppor and lower surfaces 
may provide control for tailless airplanes, but a time—motion 
atudy r.nd a furthor investigation of the buffeting of this 
arrangement would be necessary. 

Porhr.pc the boat possibility lies in using a small 
spoiler projection in front of a hinged flap.  The timo lag 
and buffeting of this combination should bo nogligiblo.  It 
would probably be best to select the size of the hinged flap 
so that only spoiler projections less than 0.02c would be 
required since the smaller spoiler projections are propor-' 
tionately i.,ore effective, at least for speeds not exceeding 
the critical Mach number.  However, an arrangement should be 

\ 
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provided so that larger spoiler projections could DO used 
for speeds greet or than the critical Mach number. 

Ames Aoronnutical. I-nboratory, 
Hntioml Advisor/ Committee for Aeronautics, 

Moffett Field, Cnllf,. 
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Figure 2.- Tapered wing model mounted In the AAL l6-foot 
wind tunnel.  Spoiler and aileron test. 
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